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[Title of the Invention] Method of Manufacturing a Semiconductor 
Laser Device 



[Summary] 

[Object] It is intended to provide a method of manufacturing a 
semiconductor laser device in which a semiconductor layer for 
expanding a bandgap can be formed on a cavity surface with high 
yield . 

[Structure] In a method of manufacturing a semiconductor laser 
device with a semiconductor layer 11 having a larger bandgap than 
that of an active layer 5 stacked on a cavity surface of the active 
layer 5, there are provided steps of forming a dielectric layer 

10 on a stack surface of an epitaxial semiconductor wafer on which 
the active layer 5 is stacked, then forming a cavity surface by 
cleaving the wafer, subsequently, stacking the semiconductor layer 

11 having a larger bandgap than that of the active layer 5 on the 
cavity surface, and then removing the dielectric layer 10 by 
etching . 

[Claims] 



[Claim 1] A method of manufacturing a semiconductor laser device 
with a semiconductor layer having a larger bandgap than that of 
an active layer stacked on a cavity surface of the active layer, 
the method comprising steps of: forming a first dielectric layer 
and a second dielectric layer that can be removed Independently 
of the first dielectric layer, on a stack surface of an epitaxial 
semiconductor wafer with the active layer stacked thereon; then 
forming a cavity surface by cleaving the wafer; subsequently, 
stacking the semiconductor layer with a larger bandgap than that 
of the active layer, on the cavity surface; and then removing the 
second dielectric layer independently of the first dielectric 
layer. 

IClalm 2] A method of manufacturing a semiconductor laser device 
obtained by allowing semiconductor layers including an active layer 
to grow epitaxially on a substrate, stacking a semiconductor layer 
with a larger bandgap than that of the active layer and a reflecting 
film on a cavity surface, and forming electrodes on an epitaxial 
growth surface and a rear surface of the substrate, the method 
comprising steps of: forming the cavity surface on a low- 
reflectivity side by cleaving an epitaxial semiconductor wafer 
obtained by allowing the semiconductor layers Including the active 
layer to grow epitaxially on the substrate; then stacking the 
semiconductor layer with a larger bandgap than that of the active 
layer on the cavity surface; subsequently, stacking the reflecting 



film over the cavity surface; then removing the semiconductor layer 
with a larger bandgap than that of the active layer that is stacked 
on a region other than the cavity surface over which the reflecting 
film is stacked, by etching using the reflecting film as a mask. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] The present invention relates 

to a high-power- drive semiconductor laser device. 

[0002] 

[Prior Art] Recently, with Increasing Intended use of GaAs 
semiconductor laser devices . demands for high -power drive have been 
increasing. However, when optical power of a semiconductor laser 
device is increased, an optical damage of instantaneous 
deterioration or facet corrosion caused in a long-time operation 
is observed at a laser facet. This is considered to be caused by 
a repetition of a phenomenal cycle of optical absorption Increase 
in surface recombination current -* increase in facet temperature. 
In this case, the deterioration becomes more pronounced as optical 
density increases at the facet. Furthermore, in some cases, a 
phenomenon may be observed in which the instantaneous deterioration 
is induced and oscillation stops abruptly. Hence, in order to 
suppress such phenomena caused at the laser facet of a semiconductor 
laser device, it has been practiced to provide a structure in which 
no optical absorption is caused at the facet (a window structure) . 

3 



Specifically, there is a method in which a portion for expanding 
a bandgap of an active layer is provided at a facet to avoid optical 
absorption and to thereby prevent optical damages. With respect 
to a semiconductor laser device with such a configuration, it has 
been attempted to expand a bandgap by stacking a semiconductor layer 
with a larger bandgap than that of an active layer on a cavity surface 
by an MOCVD method or the like after completion of a laser cavity 
manufacturing process like mesa formation. 

[0003] Conventionally, the step of stacking a semiconductor layer 
with a larger bandgap than that of an active layer on a cavity surface 
of a semiconductor laser device has been carried out as follows. 
That is: 

1) As shown in FIG. 3(a) , an epitaxial layer 32 including an active 
layer is stacked on a semiconductor substrate 31 and reflecting 
facets 33 are formed by etching. 

2) Next, as shown in FIG. 3(b), a semiconductor layer 34 with a 
larger bandgap than that of the active layer is allowed to grow 
selectively on the facets 33. 

3) Next, an electrode is formed on the epitaxial layer 32 and then 
cleavage is carried out at a cleaving position A. 

4) Eventually, a low-reflectivity film is formed on the facets 33. 
[0004] 

[Problems to be solved by the Invention] However, the conventional 
step of stacking a semiconductor layer with a larger bandgap than 



4 



that of an active layer on a cavity surface had the following problem. 
That is. there was a problem in that since the reflecting facets 
33 are formed by etching, it was difficult to form the reflecting 
facets 33 that were excellent and were orthogonal to the epitaxial 
layer 32 and thus manufacturing yield decreased. 
{0005] 

{Means for solving the Problem] The present invention is intended 
to provide a method of manufacturing a semiconductor laser device 
by which the above-mentioned problem is solved, and includes a first 
Invention. The first invention is directed to a method of 
manufacturing a semiconductor laser device with a semiconductor 
layer having a larger bandgap than that of an active layer stacked 
on a cavity surface of the active layer. This method includes steps 
of: forming a first dielectric layer and a second dielectric layer 
that can be removed Independently of the first dielectric layer, 
on a stack surface of an epitaxial semiconductor wafer in which 
the active layer is stacked; then forming a cavity surface by 
cleaving the wafer; subsequently, stacking the semiconductor layer 
with a larger bandgap than that of the active layer on the cavity 
surface; and then removing the second dielectric layer 
Independently of the first dielectric layer. 

( 0006 ] A second invention is directed to a method of manufacturing 
a semiconductor laser device obtained by allowing semiconductor 
layers including an active layer to grow epitaxially on a substrate. 
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stacking a semiconductor layer with a larger bandgap than that of 
the active layer and a reflecting film on a cavity surface, and 
forming electrodes on an epitaxial growth surface and a rear surface 
of the substrate . This method Includes steps of : forming the cavity 
surface on a low-reflectivity side by cleaving an epitaxial 
semiconductor wafer with the semiconductor layers including the 
active layer allowed to grow epitaxially on the substrate; then 
stacking the semiconductor layer with a larger bandgap than that 
of the active layer on the cavity surface; subsequently, stacking 
the reflecting film over the cavity surface; and then removing the 
semiconductor layer with a larger bandgap than that of the active 
layer that is stacked in a region other than the cavity surface, 
by etching using the reflecting film as a mask. 
[0007] 

[Effect] As in the first invention, when the semiconductor layer 
with a larger bandgap than that of the active layer is stacked on 
the cavity surface obtained by cleavage, the semiconductor layer 
grows not only on the cavity surface but also on the dielectric 
layer. In this case, the semiconductor layer located on the cavity 
surface is chemically bonded to a semiconductor composing the cavity 
surface. However, the semiconductor layer located on the 
dielectric layer is merely deposited on the dielectric layer in 
a polycrystalline state and is not chemically bonded to the 
dielectric layer. Hence, when it is intended to remove the 
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dielectric layer by etching in the next step, an etchant easily 
passes through the semiconductor layer deposited on the dielectric 
layer to reach the dielectric layer and thus the dielectric layer 
can be removed. As a result, the semiconductor layer on the 
dielectric layer is also removed, whereby the semiconductor layer 
for expanding a bandgap can be formed on the cavity surface alone 
with high yield. 

[0008] Further, as in the second invention, when the semiconductor 
layer with a larger bandgap than that of the active layer is stacked 
on the cavity surface, this semiconductor layer also is stacked 
on the epitaxial growth surface. On the other hand, a reflecting 
film that can be stacked at low temperatures can be formed over 
the cavity surface alone with the epitaxial growth surface being 
masked. Hence, using this reflecting film as a mask, the 
semiconductor layer with a larger bandgap than that of the active 
layer that is stacked on a region other than the cavity surface 
can be removed by etching. Thus, the semiconductor layer with a 
larger bandgap than that of the active layer can be formed on the 
cavity surface alone with high yield. 
[0009] 

[Embodiment] The present invention is described in detail based 
on the embodiment shown in the drawings as follows. 
(Embodiment 1) FIG.l shows drawings for explaining steps in 
accordance with an embodiment of a method of manufacturing a 
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semiconductor laser device according to the present invention. 
PIGS. 1(a) to (c) and (f) show transverse sectional views, and (d) 
and (e) show longitudinal sectional views taken in a ridge top 
portion. The steps in the present embodiment are described as 
follows. That is: 

1) Initially, an n-GaAs buffer layer 2 with a thickness of 0.5 im , 
an n-AlGaAs lower cladding layer 3 with a thickness of 2.0 im, a 
GaAs lower optical confinement layer 4 with a thickness of 50 nm, 
an active layer 5 formed of an InGaAs strained quantum well layer 
with a thickness of 9 nm. a GaAs upper optical confinement layer 
6 with a thickness of 50 nm, a p-AlGaAs upper cladding layer 7 with 
a thickness of 2.0 Im, and a p-GaAs cap layer 8 with a thickness 
of 0.5 Im are stacked sequentially on an n-GaAs substrate 1 of 
orientation ( 100 ) . 

2) Next, a ridge mesa is formed by etching of the cap layer 8 and 
the upper cladding layer 7 (FIG. 1(a)). 

3) Subsequently, an S10 x layer 9 is stacked as a first dielectric 
layer for injection current constriction, and a window is formed 
in a ridge top portion by a photolithographic technique for 
electrode contact (FIG. 1(b)). 

4) Next, an AlO, layer 10 is formed on the SiO, layer 9 (FIG. 1(c)) . 

5) After an epitaxial wafer thus formed is ground to have a thickness 
of 110 im. the epitaxial wafer is cleaved and thus facets of 
orientation (110) are exposed, and then an InGaP layer 11 with a 
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larger bandgap than that of the active layer 5 is allowed to grow 
on the facets using the A10 x layer 10 as a selective growth mask 
(FIG. 1(d)). In this case, the InGaP layer 11 is also stacked on 
the A10 x layer 10. An InGaP layer 11a stacked on the facets is 
chemically bonded to the edges of the substrate 1 and the epitaxial 
layers that have grown thereon. On the other hand, an InGaP layer 
lib stacked on the A10 x layer 10 is not chemically bonded to the 
A10 x layer 10 but is merely deposited on the AlO, layer 10 in a 
polycrystalline state. 

6) Next, through removal of the A10 x layer 10 with a strong alkaline 
solution, only the InGaP layer lib stacked on the A10 x layer 10 of 
the InGaP layer 11 is removed and thus the SiO x layer 9 and the cap 
layer 8 in its window portion are exposed ( FIG .1(e)). In this s t ep , 
since the InGaP layer lib is in the polycrystalline state and is 
not chemically bonded to the A10 x layer 10, the strong alkaline 
solution passes through the InGaP layer lib to reach the A10 x layer 
10 easily and thus the AlO, layer 10 can be dissolved. Note that, 
in this case, the SiO x layer 9 and the cap layer 8 are not affected 
by the alkaline solution. 

7) Next, a Ti/Pt/Au electrode 12 and an AuGeNi/Au electrode 13 are 
deposited on the epitaxial surface side and the substrate 1 side, 
respectively, and thus a ridge -waveguide semiconductor laser device 
was manufactured that had a width of 3 im and a cavity length of 
1 mm (FIG. 1(f)). The facets on the low- reflectivity side and the 
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high-reflectivity side are covered with a dielectric having a 
reflectivity of 5% and a dielectric having a reflectivity of 95%, 
respectively • 

[0010] In the present embodiment, the decrease in yield caused by 
the step of allowing the InGaP layer 11 to grow on the facets was 
suppressed to be 10%. In addition, the device of the above- 
mentioned embodiment was subjected to a constant optical power 
performance test at 60fiC and 200 mW. As a result, a failure rate 
was 5000FIT at room temperature provided that the device was damaged 
at a point of time when the driving current was Increased by 50%, 
In this case, the failure rate FIT is defined as FIT - the number 
of failures / (operating time x the number of operations) x io 9 . 
In the present embodiment , a total yield in the device manufacture 
including the process of growth on the facets was about 70%. On 
the other hand, the yield in the case of including no growth on 
the facets was 80%. Thus, the decrease in yield caused by the 
process of growth on the facets was suppressed to be about 10%. 
From this result, according to the present invention, a 
highly- reliable and high -power semiconductor laser device can be 
manufactured with high yield. 

[0011] (Embodiment 2 j FIG. 2 shows sectional views for explaining 
respective steps in another embodiment of a method of manuf acturing 
a semiconductor laser device according to the present invention. 
FIGS. 2(a) to (c) and (f ) show transverse sectional views, and (d) 
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and (e) show longitudinal sectional views taken in a ridge top 
portion. The steps in the present embodiment are described as 
follows. That is: 

1) Initially, an n-GaAs buffer layer 2 with a thickness of 0.5 im, 
an n-AlGaAs lower cladding layer 3 with a thickness of 2.0 lm r a 
GaAs lower optical confinement layer 4 with a thickness of 50 nm, 
an active layer 5 formed of an InGaAs strained quantum well layer 
with a thickness of 9 nm, a GaAs upper optical confinement layer 
6 with a thickness of 50 nm, a p-AlGaAs upper cladding layer 7 with 
a thickness of 2.0 im, and a p-GaAs cap layer 8 with a thickness 
of 0.5 im are allowed sequentially to grow epitaxially on an n-GaAs 
substrate 1 of orientation (100). 

2) Next, a ridge mesa is formed by etching of the cap layer 8 and 
the upper cladding layer 7 (FIG. 2(a)). 

3) Subsequently, an SiO* layer 9 is stacked as a dielectric layer 
for injection current constriction, and a window is formed in a 
ridge top portion by a photolithographic technique for electrode 
contact (FIG. 2(b)). 

4 ) After an epitaxial wafer thus formed is ground to have a thickness 
of 110 im, the epitaxial wafer is cleaved and thus portions having 
a width that is, for instance, twice of the cavity length are 
provided, and facets of orientation (110) are exposed. Then, an 
InGaP layer 20 with a larger bandgap than that of the active layer 
5 is allowed to grow on the facets. In this case, a polycrystalline 
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semiconductor layer 20a made of In, Ga. and P is stacked on the 
SiO, layer 9 located on the epitaxial growth surface and the cap 
layer 8 in the ridge top portion (FIG .2(c)). The cleavage surfaces 
on both sides are used as low-reflectivity surfaces, and surfaces 
obtained through further cleavage providing portions with a width 
of the cavity length that is half the width of the portions obtained 
through initial cleavage are used as high-reflectivity surfaces. 

5) Next, a dielectric reflecting film 21 made of Al a O, with a 
reflectivity of 5% is stacked only on the InGaP layer 20 on the 
facets (PIG. 2(d)). 

6) Next, the polycrystalline semiconductor layer 20a made of In, 
Ga. and P on the SiO x layer 9 and the cap layer 8 composing the ridge 
top portion is removed by etching using the reflecting film 21 
located over the facets and the SiO s layer 9 on the epitaxial growth 
surface as etching masks (FIG. 2(e)) . In this etching, an e tenant 
with a high selective ratio between GaAs and InGaP is used. 

7) Next, cleavage is conducted to provide portions with a width 
of the cavity length, and a Ti/Pt/Au electrode 12 and an AuGeNl/Au 
electrode 13 are deposited on thB epitaxial surface side and the 
substrate 1 side, respectively, and a multilayer film formed of 
an SIN, film with a reflectivity of 95* and an amorphous Si film 
is formed on cavity surfaces on the opposite side to the facets 
coated with the dielectric reflecting film made of Al a 0, (FIG. 2(f) ) . 
(0012] The ridge-waveguide-type semiconductor laser device thus 
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completed had a size including a current injection width of 3 im 
and a cavity length of 1 nun. The device of the present embodiment 
was subjected to the constant optical power performance test under 
the same conditions as those in the embodiment described before, 
whereby a good result similar to that in the embodiment described 
before was obtained. In addition, the manufacture yield also was 
improved as in the embodiment described before. The present 
invention is not limited to the ridge -waveguide -type semiconductor 
laser device of the above-mentioned embodiment. It is understood 
that the present invention can be applied to a semiconductor laser 
device with another means for current constriction . 
[0013] 

[Effects of the Invention] As described above, according to the 
present invention, a method of manufacturing a semiconductor laser 
device with a semiconductor layer having a larger bandgap than that 
of an active layer stacked on a cavity surface of the active layer 
includes steps of: forming a first dielectric layer and a second 
dielectric layer that can be removed independently of the first 
dielectric layer, on the stack surface of an epitaxial semiconductor 
wafer in which the active layer is stacked; then forming a cavity 
surface through cleavage of the wafer; subsequently, stacking a 
semiconductor layer with a larget bandgap than that of the active 
layer, on the cavity surface; and then removing the second 
dielectric layer independently of the first dielectric layer. 
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Therefore, there is provided an excellent effect that the 
semiconductor layer for expanding a bandgap can be formed on the 
cavity surface with high yield and thus a high-power semiconductor 
laser device can be manufactured.. A similar excellent effect also 
can be obtained by a method including steps of: forming a cavity 
surface on a low-reflectivity side through cleavage of an epitaxial 
semiconductor wafer obtained by allowing semiconductor layers 
Including an active layer to grow epitaxially on a substrate; then 
stacking a semiconductor layer with a larger bandgap than that of 
the active layer on the cavity surface; subsequently, stacking a 
reflecting film over the cavity surface; and then removing the 
semiconductor layer with a larger bandgap than that of the active 
layer that is stacked on a region other than the cavity surface, 
by etching using the reflecting film as a mask. 
[Brief Description of the Drawings] 

[FIG. 1] FIGS. 1(a) to (f) are drawings for explaining steps in 
an embodiment of a method of manufacturing a semiconductor laser 
device according to the present invention. 

[FIG. 2] FIGS. 2(a) to (f) are drawings for explaining steps in 
another embodiment of a method Of manufacturing a semiconductor 
laser device according to the present invention. 

[FIG. 3] FIGS. 3(a) and (b) are drawings for explaining steps in 
a conventional method of manufacturing a semiconductor laser 
device . 
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[Description of Reference Symbols] 

1 Substrate 

2 Buffer Layer 
3 * 7 Cladding Layer 

4 ' 6 Optical Confinement Layer 

5 Active Layer 

8 Cap Layer 

9 SiO x Layer 

10 A10 x Layer 

11, 11a, lib InGaP Layer 

12, 13 Electrode 

20 InGaP Layer 

20a Polycrystallinje Semiconductor Layer 

21 Dielectric Reflecting Film 
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